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ABSTRACT 
Objective: This study aimed to investigate the effects of low-intensity exercise therapy (LIET) on the 
physical and mental symptoms and functions in patients with hematologic malignancies undergoing 
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chemotherapy.  
Methods: Forty-four patients hospitalized for chemotherapy performed LIET. The exercise intensity of 
LIET was defined as achieving <40% of the predicted maximum heart rate calculated using the Karvonen 
formula. LIET consisted of aerobic and resistance training, which was carried out on weekdays. The 
intervention was omitted in the case of poor general health status and strong patient refusal. Muscular and 
physical function, activities of daily living (ADLs), psychological distress, and quality of life (QOL) were 
evaluated upon initiation of rehabilitation and at discharge. Participants were divided into high- and 
low-frequency groups according to their LIET frequency. Two-way repeated measures analysis of 
variance was used for statistical analysis. 
Results: In the high-frequency group, muscle function was maintained, while physical function, ADLs, 
psychological distress, and QOL were significantly improved. However, in the low-frequency group, 
muscle function of the lower limb was significantly reduced and no other improvement was observed. 
Conclusion: LIET could be a potential treatment strategy for patients with hematologic malignancies 
undergoing chemotherapy who are unable to perform mid- or high-intensity exercise. 
Keywords: hematologic malignancy, chemotherapy, low-intensity exercise therapy, rehabilitation, muscle 





About 918,000 and 45,000 patients are annually diagnosed with hematologic malignancies, such as 
lymphoma, leukemia, and multiple myeloma, in the world and Japan, respectively (Felay et al., 2015; 
Hori et al., 2015). Chemotherapeutic treatment for hematologic malignancies can induce physical and 
mental symptoms such as pancytopenia, derived from nutritional deficiencies and bone marrow 
suppression (Knight et al., 2004; Lyman et al., 2016; Kantarjian et al., 2007; Dehghani et al., 2015), 
nausea, vomiting, anorexia (Dehghani et al., 2015; Grunberg et al., 2010), cancer-related fatigue (CRF) 
(Hjermstand et al., 2005), anxiety and depression (Hall et al., 2016; Bergerot al., 2015), as well as 
symptoms of hematologic malignancy itself. These symptoms result in decreased physical activity (Elter 
et al., 2009), leading to physical function deterioration possibly manifesting as decreased muscle strength, 
including handgrip and quadriceps strength (Vermaete et al., 2011). Furthermore, these symptoms and 
physical function degradation have negative impacts on patients’ quality of life (QOL) (Oerlemans et al., 
2011). The management of symptoms and declining physical function is crucial in patients with 
hematologic malignancy undergoing chemotherapy. 
With regard to the rehabilitation of patients with malignancies, aerobic and resistance exercises are 
usually adopted (Rock et al., 2012; Schmitz et al., 2010). There exist several clinical studies on the effects 
of exercise in patients with hematologic malignancy. Courneya et al. (Courneya et al., 2009) showed that 
a 12-week aerobic exercise regimen using an ergometer significantly improved cardiovascular fitness, 
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lean body mass, CRF, and depression in patients with lymphoma. Similarly, Furzer et al. (Furzer et al., 
2016) demonstrated the effects of aerobic and resistance exercise on cardiovascular fitness, muscle 
strength, and CRF in patients with hematologic malignancies. Furthermore, Alibhai et al. (Alibhai et al., 
2015) revealed that aerobic, resistance, and flexibility exercises had positive effects on aerobic fitness, 
muscle strength, and CRF in patients with acute myeloid leukemia. It is therefore considered that exercise 
is useful for improving physical function and symptomatology in patients with hematologic malignancies. 
However, mid- or high-level intensity exercise is often difficult to apply in the inpatient population due to 
the aforementioned effects related to chemotherapy. For this reason, low-intensity exercise therapy 
(LIET) set at 40% or less of the predicted maximum heart rate calculated by the Karvonen formula 
(Karvonen et al., 1957) is performed in clinical settings.  
Morishita et al. (Morishita et al., 2013) reported on patients who underwent allogeneic hematopoietic 
stem cell transplantation that were grouped according to physical therapy frequency. The high-frequency 
group showed a significantly lesser decline than the low-frequency group with respect to physical 
functioning and QOL. We hypothesized that physical function, including physical and mental symptoms, 
could be improved when LIET was performed at a high frequency, despite the low exercise intensity. To 
the best of our knowledge, no reports have determined the effects of LIET on patients with hematologic 
malignancies to date; therefore, we investigated the effects of LIET on physical function and the mental 




Study design and participants 
 This was a longitudinal, observational study conducted at Nagasaki University Hospital. This study 
was approved by the hospital ethics committee (approval number: 15072757), and written informed 
consent was obtained from all participants prior to study enrollment. The inclusion criteria were as 
follows: (1) inpatients diagnosed with a hematologic malignancy, (2) hospitalization for chemotherapeutic 
treatment, (3) prescription for rehabilitation, (4) age >20 years, (5) patients who understood the 
evaluation content of muscle and physical function, and activities of daily living (ADLs) and did not 
show rejection, and (6) those who could fill questionnaires by themselves. The exclusion criteria were as 
follows: (1) communication difficulties, (2) poor general health status, (3) severe heart disease, (4) severe 
respiratory disease, (5) hepatic or renal failure, and (6) cerebrovascular or orthopedic diseases that could 
influence muscle and physical function. 
The sample size was calculated using a sample size calculation software (G*Power version 3.1.9.2 for 
Windows; http://www.gpower.hhu.de) and was determined based on the change in muscle thickness 
(Galvão et al., 2006). With the effect size calculated from the mean and standard deviation, the statistical 
power and level of significance for the study were set at 0.8 and 0.05, respectively, and the sample size 
for each group was calculated as 14. However, the effect size in this study appeared to be smaller than in 
 7
the previous study (Galvão et al., 2006), because the intervention period was shorter. Therefore, we 
sought to recruit 20 patients in order to achieve adequate statistical power. 
 
Intervention 
 All participants performed LIET from the initiation of rehabilitation until their discharge on weekdays. 
Based on the report of Furzer et al. (Furzer et al., 2016), we adopted a mixed exercise program consisting 
of resistance training and aerobic exercise. LIET was set at 20 to 40 minutes, once a day, for up to 5 times 
per week. This program promoted as much walking as possible, up and down the stairs, in 1 to 2 sets. 
Resistance training comprised of the following: one set of 10 to 20 flexion and extension exercises of the 
hip, knee, and elbow joints followed by the addition of 0 to 2 kg weight loads for 1 to 2 sets, 5 to 20 times 
standing up or calf raises for 1 to 2 sets, and 5 squats as one set. The ergometer was set at low load for 5 
to 10 minutes, which comprised the aerobic exercise. These programs were carried out one set per day. 
Davis et al. (Davis et al., 1975) reported that the Karvonen formula was a reasonably accurate method for 
estimating exercise intensity and that a low-intensity exercise was defined as an exercise with 40% or less 
heart rate reserve. The exercise intensity was set at 40% or less of the predicted maximum heart rate 
calculated by the Karvonen formula and set to “somewhat hard” rated as “4” on the modified Borg scale 
(Borg, 1982). As a general rule, LIET was performed on weekdays. In the low-frequency group, it did not 
intentionally reduce the intervention frequency. In the case of high blood pressure (shrinkage period 
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blood pressure ≧200 mmHg or diastolic blood pressure ≧120 mmHg), chest pain, atrial fibrillation, 
ventricular tachycardia, dyspnea, high fever, dizziness, and strong patient refusal, we consulted with the 
doctor and the intervention was omitted on that day. We defined intervention frequency as the value of 
the number of intervention days divided by the number of weekdays from the initiation of rehabilitation 
until discharge.  
 
Measurements 
 We evaluated the participants’ muscle and physical functions, ADLs, psychological distress, and QOL 
at the start of rehabilitation (baseline) and at discharge (post-treatment). Baseline age, sex, body mass 
index (BMI), cancer type, blood biochemical parameters (hemoglobin, C-reactive protein, albumin, total 
protein, lymphocytes), days since hospitalization, days since chemotherapy, and disease duration data 
were collected from the medical records. The length of hospital stay was recorded upon discharge. 
 
Muscle function 
 Handgrip strength and isometric knee extensor strength were assessed as markers of muscle strength. 
Handgrip strength was measured using a standard adjustable-handle dynamometer (TKK 5101; Takei 
Scientific Instruments Co. Ltd., Niigata, Japan). The measurements were taken in the standing position, 
with their arm held in zero abduction and flush against the body. A single attempt of maximum value was 
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recorded in kilogram force (kgf). Isometric knee extensor strength was measured using hand-held 
dynamometers (HHDs; μ-tas F-1; ANIMA Co., Tokyo, Japan) in the sitting position, on a chair with the 
knee joint flexed at approximately 90°. The HHD sensor was placed on the distal anterior surface of the 
lower leg, and a belt was placed over the HHD and tied to the leg of the chair. Knee joint extension at 
maximum exertion was performed for approximately 5 s, and was repeated twice. The result was 
expressed in kgf, and the highest value was entered into the analysis. 
 According to a previous study (Tillquist et al., 2014), muscle mass was quantified by measuring the 
thickness of the vastus intermedius plus rectus femoris muscles. Muscle thickness was measured using an 
ultrasound device (SeeMoreTM, Interson Corp., CA, USA) in the supine position, with the legs lying flat 
and relaxed in extension. A straight line was drawn between the anterior superior iliac spine and the upper 
margin of the patella, and then, it was measured at 10 cm proximal to the patella on this line. The result 
was recorded in millimeters (mm). 
 
Physical function 
 Physical function was evaluated using a 10-meter walk test (10MWT) and a timed up and go test 
(TUGT). They are relatively easy to conduct among inpatients, as these tests are simple and do not 
require special equipment. The result of 10MWT was a marker of gait velocity, with the participants 
walking unassisted at a maximum speed (Bohannon, 1997). TUGT was measured as an index of 
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functional mobility, which consisted of walking speed, strength, and balance. Participants were instructed 
to rise from a chair of standardized height, walk a fixed distance of 3 meters, turn, return to the chair, and 
sit down again (Podsiadlo et al., 1991). Previous studies reported that TUGT and 10MWT strongly 
correlated with 6MWT, which is an index of exercise capacity (Dalgas et al., 2012; Ng et al., 2005). The 
reliability of 10MWT (Bohannon, 1997) and the validity and reliability of TUGT have been previously 
reported (Podsiadlo et al., 1991; Brooks et al., 2006). The duration for a single attempt of a 10-meter walk 
was recorded in seconds (sec), and after several TUGT attempts were performed, the fastest time was 
recorded also in seconds.  
 
Activities of daily living (ADLs) 
   ADLs were evaluated using the Eastern Cooperative Oncology Group (ECOG) Performance Status 
(PS) and the Functional Independence Measure (FIM). The ECOG PS scoring was defined as follows: 0, 
fully active; 1, restricted in physically strenuous activity but ambulatory and able to perform work of a 
light or sedentary nature; 2, ambulatory and capable of all self-care but unable to perform any work 
activities, up and about more than 50% of waking hours; 3, capable of only limited self-care, confined to 
a bed more than 50% of waking hours; 4, completely disabled, totally confined to a bed (Oken et al., 
1982). FIM assessed function and the need for assistance. It consists of an 18-item scale that measures 
independence in performing tasks of feeding, grooming, dressing, toileting, mobility, and cognition (Kidd 
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et al., 1995). Each item is rated on a scale of 1–7 (1=total assistance, 5=needs supervision, 6=modified 
independence, 7=independent). A low score reflects the burden of care in each area measured. The 
reliability and validity of FIM have been previously reported (Kidd et al., 1995; Heinemann et al., 1993). 
 
Psychological distress 
   The sum-total score of the Hospital Anxiety and Depression Scale (HADS) was used to evaluate 
psychological distress. This is a widely used and validated questionnaire to assess psychological 
morbidity in cancer patients (Vodermaier et al., 2011), comprising 7-item anxiety and 7-item depression 
subscales. Items are rated 0 (best status) to 3 (worst status), and the scores of each subscale are summed 
up. Possible scores for each subscale range from 0 to 21 points. Higher scores reflect worse psychological 
distress.  
 
Quality of Life (QOL) 
QOL was measured using the European Organization for Research and Treatment of Cancer (EORTC) 
Quality of Life Questionnaire-C30 (QLQ-C30). The EORTC QLQ-C30 is a cancer-specific self-report 
questionnaire consisting of the global QOL scale (2 items), 5 functional scales (physical, role, emotional, 
cognitive, and social functioning), 3 symptom scales (fatigue, pain and nausea/vomiting), and 6 single 
items. The two items of the global QOL scale apply a modified 7-point linear analogue scale. All other 
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items are scored on a 4-point categorical scale ranging from 1 (not at all) to 4 (very much). All scales and 
single items are converted to a 0–100 scale. For the global QOL scale and five functional scales, a higher 
score represents a better level of functioning. On the other hand, for the symptom scales and items, a high 
score means a higher level of symptoms (Aaronson et al., 1993).  
 
Statistical analysis 
   Participants were divided into two groups based on the LIET intervention frequency. LIET was 
generally performed on weekdays. The intervention was omitted in the case of poor general health status 
and strong patient refusal. Accordingly, some patients performed LIET at a high intervention frequency 
(about 5 times per week), whereas some patients performed LIET at a lower intervention frequency. Upon 
hospital discharge, the median intervention frequency was calculated retrospectively and was used as the 
criteria for the division of patients into two groups according to the previous study (Morishita et al., 2013). 
The two groups consisted of a high-frequency (HF; intervention frequency greater than the median) and a 
low-frequency (LF; intervention frequency less than the median) group. 
Statistical analysis was performed using IBM SPSS Statistics version 23 software (IBM Corp., 
Armonk, NY, USA). Data were presented as mean±standard deviation (SD), and missing values were 
excluded from the analysis. The comparison of demographic and clinical characteristics data was 
performed using the Mann-Whitney U-test and the chi-square test. Two-way repeated measures analysis 
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of variance (ANOVA) was performed to compare the effects between the two groups (HF and LF), time 
(baseline and post-treatment), and interaction between the group and time. Values of P <0.05 were 
considered statistically significant.  
 
RESULTS 
The patient selection process is shown in Fig. 1. Forty-four of the 90 eligible patients with 
hematologic malignancies (21 men, 23 women) participated in the study. Table 1 shows the demographic 
and clinical characteristics data. The mean age was 68.2±10.7 and the mean BMI was 21.1±3.4 kg/m2. 
Most patients (72.7%) were diagnosed with lymphoma. The days since hospitalization and chemotherapy 
were 8.1±9.5 and 1.7±8.7 days, respectively. The duration of hospital stay was 40.5±23.3 days, and the 
disease duration was 667.5±1308.3 days. 
The median intervention frequency in all patients was 0.82. Patients were divided into HF and LF 
groups according to the median intervention frequency. The intervention frequencies of the HF and LF 
groups were 0.93±0.06 and 0.66±0.14, respectively. There were no significant differences in demographic 
or clinical characteristics data (Table 1). No significant differences were observed between the groups in 
terms of body weight at baseline and post-treatment. Both groups significantly decreased their total body 
weight from baseline to post-treatment, and there were no significant interactions between the group and 




No significant differences were observed between the two groups in terms of handgrip strength, 
isometric knee extensor strength, or muscle thickness at baseline and post-treatment. The HF group 
showed no significant changes in all parameters of muscle function from baseline to post-treatment. On 
the other hand, in the LF group, isometric knee extensor strength and muscle thickness decreased 
significantly from baseline to post-treatment. No significant interactions were observed between the 
group and time in all parameters of muscle function (Table 2). 
 
Physical function 
No significant differences were observed between the LF and HF groups in 10MWT and TUGT at 
baseline. In both 10MWT and TUGT, the HF group showed a significant improvement from baseline to 
post-treatment; however, there were no changes in the LF group. No significant interactions between the 
group and time in both 10MWT and TUGT were observed (Table 2).  
 
ADL 
 Although LF showed no significant differences from baseline to post-treatment, HF significantly 
improved in both ECOG PS and FIM from baseline to post-treatment. Significant interactions were seen 
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between the group and time (Table 2). 
 
Psychological distress 
   Based on the HADS score, no significant differences were observed between the HF and LF groups in 
both anxiety and depression scores at baseline. A significant improvement in anxiety score was shown 
from baseline to post-treatment in both the HF and LF groups, but this interaction was not confirmed 
between the two groups. Depression scores did not show any significant changes in both groups (Table 3). 
 
QOL 
   Although the LF group did not show any significant improvements, the HF group significantly 
improved in global health, physical, emotional, and cognitive function from baseline to post-treatment. 
Similarly, fatigue, pain, and insomnia on the symptom scale were improved only in the HF group, but not 
in the LF group. Significant interactions were seen between the group and time in terms of cognition and 
insomnia (Table 4).  
 
DISCUSSION 
This was an evaluation study that examined the effects of LIET, which was performed in clinical 
settings, on physical function and the mental and physical symptoms of patients with hematologic 
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malignancies undergoing chemotherapy. Although the effect of exercise therapy of mid- to high-intensity 
on patients has previously been reported, to the best of our knowledge, this is the first study to examine 
the effect of LIET on patients with hematologic malignancies.  
The influence of chemotherapy was equal for both groups, as both groups experienced similar 
changes in body weight. Previous studies have shown that exercise therapy of mid- to high- intensity 
improved both arm and handgrip strength (Furzer et al., 2016; Alibhai et al., 2015). However, the results 
of the present study showed that LIET did not significantly improve the handgrip strength of either group. 
Although LIET did not improve the handgrip strength, it is possible that handgrip strength could have 
been maintained irrespective of the frequency. Although both mid- to high-intensity exercise therapies 
have been previously shown to improve muscle strength of the lower limbs in patients with hematologic 
malignancies (Courneya et al., 2009; Furzer et al., 2016; Alibhai et al., 2015), LIET did not significantly 
improve muscle function in both our study groups. In contrast, the isometric knee extensor strength and 
muscle thickness were significantly reduced in the LF group. The lower limb muscles which would be 
affected by prevented syndrome more easily (de Bore et al., 2008). LIET could not stop the progression of 
disuse-related muscle atrophy in the hospital based on low frequency enforcement. In the HF group, the 
isometric knee extensor strength and muscle thickness could be maintained significantly. Thus, these 
results showed that LIET could maintain muscle function in the hospital setting when it is performed with 
high frequency. 
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As for 10MWT, LIET improved gait velocity among patients in the HF group, but not in the LF group. 
These results revealed that even if the exercise intensity is low, LIET with high frequency leads to an 
improvement in gait ability. Chang et al. (Chang et al., 2008) reported that a 3-week intervention of 
simple exercise, consisting of 12 minutes walking, 5 days per week, could improve the gait ability in 
patients with leukemia undergoing chemotherapy, supporting our findings. Wang et al. showed that 
increased CRF significantly compromised walking ability in patients with leukemia and lymphoma 
(Wang et al., 2002). Carter et al. revealed that improved ease of walking was associated with lower 
depressive symptomatology (Carter et al., 2018). In other words, it is assumed that the significant 
reduction of CRF and psychological distress in the HF group resulted in improved walking ability. 
Similarly, the HF group showed significant improvement in TUGT. TUGT can assess muscle strength in 
addition to walking ability (Podsiadlo et al., 1991); however, LIET could not increase muscle volume and 
strength due to the low exercise intensity in this study. It was assumed that the improvement of walking 
ability contributed to improved TUGT.  
Similar to physical function, only the HF group showed significant improvements in ADLs, which 
were evaluated by ECOG PS and FIM. A previous study by van den Dungen et al. (van den Dungen et al., 
2014), indicated that mid- to high-intensity exercise therapy improved the ADLs in patients with 
advanced malignancies. In other words, LIET might recover ADLs in patients similar to that 
demonstrated by mid- to high-intensity exercise when the former is performed at a higher frequency. 
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However, it was impossible to definitively determine whether low-frequency exercise had any effect on 
ADLs in the LF group because the value of FIM in both groups was very high at baseline (a perfect score 
of FIM is 126 and the LF group was 120.2 ± 7.2 points). There was a possibility that the effect of LIET 
could not be reflected well by FIM points in this study. The ECOG PS differed between the HF and LF 
groups, although it was only improved in the HF group. ECOG PS reflected the physical activity of 
inpatients. It was presumed that the recovery of ECOG PS—possibly due to the improvement of physical 
function in the HF group—allowed for the expansion of physical activity among inpatients with 
hematologic malignancy undergoing chemotherapy. 
According to previous studies, psychological distress has a negative effect on muscle function and 
physical activity (Galliano-Castillo et al., 2014; Kilgour et al., 2010; Vardar-Yagli et al., 2015), which can 
also be improved by mid- to high- intensity exercise therapy for patients with hematologic malignancies 
(Courneya et al., 2009; Alibhai et al., 2015). It has also been reported that improvements in psychological 
distress are associated with exercise of low intensity, such as walking (Chen et al., 2015). Therefore, 
improvements in anxiety and depression after LIET at a high frequency were expected. As a result, 
anxiety scores of HADS were improved in both groups, albeit no difference was noted between the two 
groups. It was not clear whether LIET could improve anxiety regardless of intervention frequency, or 
whether other treatments such as pharmacotherapy affected anxiety levels in all patients. Furthermore, 
depression scores did not change from baseline to post-treatment in both groups. LIET in this study might 
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affect psychological distress in patients with hematologic malignancy undergoing chemotherapy in the 
hospital. 
Significant interactions between the HF and LF groups were observed in only the cognitive function 
and insomnia symptoms on the QLQ-C30. In the HF group, global health; physical, role, emotional, and 
cognitive functioning; and fatigue, pain, and insomnia on the symptom scale significantly improved. On 
the other hand, there was no improvement in the LF group. Vallance et al. (Vallance et al., 2005) showed 
favorable associations between regular exercise and physical functioning, decreased fatigue, and overall 
QOL in a cross-sectional survey of hematologic malignancy survivors. Thus, some functions and 
symptoms in the HF group were improved by LIET at high frequency as regular exercises, which might 
lead to improvements in the QOL of patients with hematologic malignancy undergoing chemotherapy.  
There were some limitations to this study. First, the sample size was small and there was a deficiency 
of measurement items. The sample size was calculated from the change in muscle thickness pre- and 
post-intervention. Considering that this study was an observational and evaluation study, the sample size 
calculation was acceptable and the number of samples was sufficient. However, we cannot rule out the 
possibility that patients with the same characteristics are recruited. From the viewpoint of generalization, 
we believe that a multicenter investigation with a large sample size will be necessary. We experienced 
difficulties with the inclusion of patients and the completion of all measurements. In addition, endurance 
activities, such as the 6-minute walk test, and physical activities, such as the number of steps, should be 
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evaluated to determine the physical function of patients. Second, the effect of LIET could not be clarified 
precisely because this study is a longitudinal, observational study. The influences of the pathologic 
changes of hematologic malignancy and the pharmacotherapies, including chemotherapy, cannot be 
completely excluded as influencing factors. It is necessary to verify the effects of LIET by performing 
randomized controlled trials in the future. 
In this study, we investigated the effects of LIET on patients with hematologic malignancy undergoing 
chemotherapy by dividing the patients according to their intervention frequency. The patients who 
practiced LIET at a higher-frequency maintained their muscle function, and demonstrated significant 
improvements in their physical function, ADLs, and QOL. In contrast, muscle function of the lower limbs 
was significantly reduced in patients who practiced LIET at a lower-frequency, and no other 
improvements were observed in these patients. These results indicate that LIET is effective for improving 
physical functions, ADLs, and some symptoms in these patients. Therefore, we conclude that LIET could 
be considered as a potential treatment strategy for patients with hematologic malignancy undergoing 
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Fig.1 Flow chart of the recruitment procedure 
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Age, years 68.2±10.7 41-86 68.0±8.6 68.4±12.4 0.742 
Sex, n (%) 
 Male 
 Female 















































Cancer type, n (%) 
 Lymphoma 
Acute myeloid leukemia 
Acute lymphoblastic leukemia 
 Multiple myeloma 

























Days since hospitalization 
Pre- or post-chemotherapy 
Pre-chemotherapy, n (%) 
Post-chemotherapy, n (%) 
Days since chemotherapy 
Hospital stay, days 
Disease duration, days 
Intervention frequency 














































BMI: body mass index. CRP: C-reactive protein. Intervention frequency: the value of the number of 
intervention days divided by the number of weekdays from the initiation of rehabilitation until discharge. 
Data are presented as mean ± SD. 
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Table 2. Baseline and post-treatment values (change from baseline to post-treatment in muscle function, physical function, and ADLs) 
 






















Body weight, kg 56.3±13.7 54.6±13.0 -1.7±2.2 0.016 52.5±9.3 49.6±8.2 -2.9±3.8 <0.001  0.232 
HS, kgf 24.2±11.4 25.0±11.8 0.8±2.1 0.240 21.5±8.5 21.1±7.8 -0.4±4.0 0.619  0.238 
IKES, kgf 27.2±10.4 27.8±10.2 0.7±5.8 0.600 24.3±13.7 21.5±12.9 -2.9±5.7 0.028  0.053 
MT, mm 15.9±6.0 15.3±5.6 -0.6±2.6 0.341 14.8±5.2 13.4±4.0 -1.4±3.0 0.025  0.338 
10MWT, sec 8.2±2.3 7.1±1.7 -1.2±1.4 0.003 8.8±2.7 8.6±2.7 -0.2±1.7 0.531  0.067 
TUGT, sec 10.3±3.4 8.0±1.6 -2.2±2.5 0.210 9.6±3.5 8.9±3.0 -1.2±3.6 0.294  0.123 
ECOG PS 2.0±0.8 1.6±0.7 -0.5±0.7 0.001 1.8±0.9 1.8±0.8 0.0±0.6 1.000  0.014 
FIM 112.9±16.4 121.8±5.5 9.0±14.9 0.001 120.2±7.2 121.7±4.1 1.5±6.9 0.545  0.045 
LF: low-frequency. HF: high-frequency. Baseline: start date of rehabilitation. Post-treatment: discharge. HS: handgrip strength. IKES: isometric knee extensor 
strength. MT: muscle thickness. 10MWT: 10-meter walk test. TUGT: timed up and go test. ECOG PS: the Eastern Cooperative Oncology Group Performance 
Status. FIM: Functional Independence Measure. Sample size: MT; HF n=21, LF n=21 (% of missing value of both HF and LF was 4.5). 10MWT; HF n=20 (% of 
missing value of HF was 9.1). TUGT; HF n=20, LF n=17 (% of missing value of HF and LF were 9.1 and 22.7, respectively). 
  
 32
Table 3. Baseline and post-treatment values (change from baseline to post-treatment in psychological distress)  




















HADS           
Total 12.8±5.2 9.7±4.6 -3.2±0.9 0.001 12.3±6.9 10.9±6.0 -1.4±1.0 0.164  0.203 
Anxiety 5.8±3.2 3.8±2.7 -2.0±2.7 0.002 6.4±4.8 5.0±3.8 -1.4±2.1 0.044  0.532 
Depression 7.0±3.0 5.8±3.4 -1.2±2.5 0.068 5.9±3.9 5.9±3.2 0.0±2.6 1.000  0.220 
LF: low-frequency. HF: high-frequency. Baseline: start date of rehabilitation. Post-treatment: discharge. HADS: Hospital Anxiety and Depression Scale. Sample 




Table 4. Baseline and post-treatment values (change from baseline to post-treatment in QOL) 




















Global health 45.8±25.9 61.1±20.8 15.3±23.9 0.019  50.6±23.1 57.1±17.0 6.4±27.2 0.385  0.360 
Physical 61.1±19.4 74.4±17.3 13.3±18.1 0.002  82.1±9.6 84.6±14.2 2.6±12.7 0.581  0.085 
Role 56.5±30.9 72.2±29.7 15.7±38.7 0.079  85.9±16.5 78.2±31.5 -7.7±30.4 0.455  0.089 
Emotional  69.4±23.0 84.3±11.0 14.8±19.4 0.002  72.4±18.1 79.5±21.7 7.1±15.3 0.177  0.255 
Cognitive 66.7±29.7 83.3±26.2 16.7±20.0 <0.001  85.9±13.3 84.6±17.3 -1.3±12.2 0.796  0.010 
Social 72.2±33.3 83.3±19.8 11.1±30.9 0.101  83.3±19.2 82.1±19.8 -1.3±20.1 0.869  0.231 
Nausea/vomiting 6.5±14.2 3.7±9.1 -2.8±13.9 0.379  2.6±6.3 5.1±12.5 2.6±11.0 0.489  0.275 
Fatigue 46.9±24.9 32.7±19.6 -14.2±28.6 0.017  29.1±15.4 26.5±8.5 -2.6±11.7 0.701  0.191 
Dyspnea 31.5±29.1 20.4±16.7 -11.1±27.2 0.089  17.9±22.0 7.7±14.6 -10.3±24.1 0.178  0.931 
Pain 31.5±31.3 15.7±13.7 -15.7±22.5 0.003  15.4±14.4 6.4±8.4 -9.0±15.5 0.127  0.374 
Insomnia 51.9±26.1 33.3±16.2 -18.5±25.4 0.013  20.5±21.7 28.2±30.0 7.7±32.4 0.355  0.021 
Appetite loss 20.4±28.3 20.4±28.3 0.0±36.9 1.000  20.5±21.7 17.9±17.3 -2.6±15.8 0.767  0.821 
Constipation 27.8±20.6 24.1±27.5 -3.7±29.2 0.588  20.5±29.0 25.6±27.7 5.1±25.6 0.524  0.404 
Diarrhea 13.0±20.3 11.1±16.2 -1.9±23.5 0.773  17.9±25.9 17.9±29.2 0.0±28.2 1.000  0.852 
Financial difficulties 25.9±29.3 18.5±28.5 -7.4±24.1 0.316  20.5±25.6 15.4±22.0 -5.1±31.6 0.553  0.840 
LF: low-frequency. HF: high-frequency. Baseline: start date of rehabilitation. Post-treatment: discharge. Sample size: HF=18, LF=13 (% of missing value of HF and 
LF were 18.2 and 40.9, respectively). 
 
